It is difficult to predict precisely whether the lesion corresponds to endoscopic resection indication. Furthermore, discrepancy may occur between endoscopic forceps biopsy (EFB) and finally resected specimen, which may be diagnosed as undifferentiated cancer and additional surgery may be required. Our study aimed to evaluate predictive factors to diagnose undifferentiated cancer after endoscopic submucosal dissection (ESD).
Introduction
Owing to advanced diagnostic technology, the detection and incidence of early gastric cancer (EGC) has been increasing worldwide. Endoscopic submucosal dissection (ESD) is now accepted as a curative treatment for early gastric cancer (EGC) without lymph node metastasis, especially histologically differentiated mucosal cancer. With improvements in endoscopic techniques, it is suggested that ESD could be used for undifferentiated mucosal gastric cancers as well. A study concluded that there was no lymph node metastasis in patients with undifferentiated mucosal gastric cancer without lymphovascular invasion when the size of the tumor was 2 cm or smaller and without ulceration. [1] However, this report is not universally accepted and surgery is recommended if an undifferentiated cancer is diagnosed using endoscopic forceps biopsy (EFB).
EFB is the most important test for histological diagnosis before ESD. However, discrepancies in histological specimens obtained through EFB and ESD are common, and the causes for this might be (1) The forceps biopsy sample is too small to characterize the entire lesion. ( 2) The critical part of a lesion might not be accessible. (3) A targeted biopsy can be difficult because of the location of the lesions. [2] Adenomas may be diagnosed as EGC. According to previous studies, approximately 11 .0% of biopsy proven low-grade adenomas are diagnosed as EGC [3] and approximately 66.5% of biopsy proven high-grade adenomas are diagnosed as EGC after ESD. [2] Likewise, a differentiated cancer might get diagnosed as an undifferentiated type. Studies have revealed that 1.5% to 8.0% of differentiated adenocarcinomas get diagnosed as undifferentiated adenocarcinomas after ESD. [4, 5] Although precise diagnosis of lesions before ESD is important for proper treatment, such discrepancies make the process difficult. The aim of our retrospective study was to identify endoscopic factors that could aid in the identification of an undifferentiated histology of a lesion before endoscopic resection
Materials and methods

Patients
Medical records of patients diagnosed with EGC using ESD between January 2009 and December 2015 were retrospectively reviewed at the Pusan National University Yangsan Hospital, South Korea. The indications for ESD in patient with EGC followed at our institution were well and/or moderately differentiated adenocarcinomas, tumors 2 cm in length, and absence of ulcer or ulcer-scar tissue before endoscopic resection. In some patients, regardless of these criteria, ESD was performed because of old age, severe comorbidities, patients refusing surgery, and suspicious lesions not initially diagnosed as EGC with EFB and finally diagnosed as EGC with ESD. On the contrary, there were 13 downgraded lesions (adenoma in 10 cases, negative pathology in 2 cases, and atypia in 1 case) after ESD in those initially diagnosed with EGC. In 1 patient, a piecemeal resection was performed, but the tissue was indeterminable. During the study period, 557 EGCs from 532 patients were diagnosed with ESD and divided into 2 groups, differentiated and undifferentiated (Fig. 1) . Written informed consent was obtained from all patients before the procedure. The study was approved by the Ethics Committee that belongs to our Institutional Review Board.
Endoscopic biopsy
Diagnostic endoscopy (using GIF-H260 or GIF-H290; Olympus Optical Co., Ltd., Tokyo, Japan) and EFB were performed in all patients before ESD. Most patients were referred from other hospitals and underwent an additional EFB or a review of referred biopsy specimens. Although multiple biopsies enhance the likelihood of a better diagnosis, they lead to excessive fibrosis, which limits endoscopic resection. Thus, we performed a target biopsy only once or twice.
ESD procedure
We performed ESD using the previously described technique. [2] After marking the lesion, normal saline with a mixture of epinephrine and indigo carmine was injected into the submucosal layer to elevate the lesion off the muscularis propria. The mucosa surrounding the lesion was then precut using an electrosurgical generator (ERBE VIO 300D, Endocut I mode, Effect 3, duration 2; Erbe Co, Tubingen, Germany) with a needle-type electrosurgical knife (dual knife or flex knife) and an insulation-tipped electrosurgical knife. The submucosal connective tissue beneath the lesion was dissected with coagulation current (Swift coagulation 60 W, ERBE VIO 300D). After removal of the lesion, hot biopsy forceps were used for preventive post-ESD coagulation of all exposed vessels. Fig. 2 illustrates a case of ESD for poorly differentiated adenocarcinoma.
Endoscopic and pathologic evaluation
We assessed baseline characteristics and endoscopic findings of lesions in all patients enrolled in our study. Endoscopic examination was performed and reported by 2 endoscopists (DGR and SJK). Both the endoscopists were trained to review about 100 typical endoscopic findings before evaluating the endoscopic images in our study. A blind review was performed on all specimens. Both endoscopists concurred on the diagnosis of 479 of 557 lesions. For the remaining 78 lesions, the diagnosis was made through discussion and consensus. The Paris classification defined the gross types of superficial lesions, which were categorized as elevated, flat, or depressed. [6] Central depression, nodularity, surface redness, erosion, ulceration, whitish discoloration, friability, and submucosal fibrosis were also evaluated. Central depression was defined as a depression in the inner part of the lesion compared with the surrounding, regardless of gross type. Surface nodularity was defined as the presence of irregularly raised or nodular mucosa. Surface redness was defined as a red discoloration of the mucosal surface of the lesion compared with the surrounding mucosa. Erosion was defined as a shallow superficial mucosal defect. On the other hand, lesions with ulcerations or scarring from previous ulceration were those with converging folds or deformity of the muscularis propria or submucosal fibrosis. Whitish discoloration was defined as discolored lesion compared with surrounding mucosa. Friability was defined as minor spontaneous bleeding. Endoscopic pictures recorded the submucosal fibrosis observed during the ESD procedure. The location of lesions was described using the Japanese Classification of Gastric Cancer whereby the gastric area is divided into three equal sections: the upper-, middle-, and lower-third of the stomach. [7] En bloc resection was defined as resection in a one-piece fashion with no residual tumor viewed endoscopically. Complete R0 resection was defined as en bloc resection without any positive resection margins or lymphovascular invasion. [9] All endoscopically resected tissue slides were subject to a blind review by 2 pathologists. Doubtful cases were re-evaluated under a multi-headed microscope to reach a consensus. The resected specimens were stretched, pinned, and fixed with formalin. Specimens resected in a piecemeal fashion were reconstructed. The fixed specimen was sectioned at 2-mm intervals. The length of the major and minor axes of all lesions was recorded.
Statistical analysis
Individual lesions were used to analyze the data obtained because some patients had multiple lesions. 
Results
Among the 532 patients diagnosed with ESD between January 2009 and December 2015, 557 cases of EGC were enrolled in a study. The mean age was 64.40 ± 9.33 years, and the participants were predominantly men (77.9%). Table 1 shows the baseline characteristics of this study.
These EGCs were divided into 2 groups, differentiated (n = 535) and undifferentiated (n = 22). On univariate analysis, the undifferentiated group showed larger tumor size (P < .001) and younger age (P < .001). En bloc resection rate was similar (P = .886), but complete resection rates was lower (P < .001) in the undifferentiated group (Table 2) .
Clinical and endoscopic characteristics associated with the undifferentiated histology were analyzed. Multivariate analysis revealed that tumor size ≥10 mm (OR = 11.340, P = .032), age <55 years (OR = 5.972, P = .004), surface redness (OR = 11.562, P = .024), and whitish discoloration (OR = 35.368, P < .001) were predominantly associated with undifferentiated cancer (Table 3 ). Figure 2 illustrates a case of ESD for poorly differentiated adenocarcinoma with surface redness and whitish 
On the contrary, of the seven lesions initially diagnosed as undifferentiated cancer on EFB, 71.4% (5/7) were eventually confirmed as undifferentiated cancer and 28.6% (2/7) as a differentiated type (Table 4) .
Curative resection of the undifferentiated cancer was defined as complete resection with no submucosal invasion, no ulceration, and a diameter lesser than 2 cm. Nine patients underwent curative resection of the undifferentiated cancer. Among these, 2 patients underwent surgery and showed no lymph node metastasis. Local recurrence was found in 1 patient and additional surgery was performed, whereas the remaining patients were regularly followed up with endoscopy and abdominal computed tomography (CT) during a mean follow up of 30.2 months (range, 15-43 months). Among the patients who did not meet the criteria for curative resection, 4 patients underwent surgery and 1 had a N2 stage lymph node metastasis with the remaining patients undergoing regular follow up, and 1 patient showing liver metastasis (Fig. 4) .
Discussion
ESD has been widely accepted as a treatment modality for EGC with negligible risk of lymph node metastasis, especially in Japan and South Korea. Japanese [10] and South Korean [11] gastric cancer treatment guidelines are almost the same for the endoscopic treatment of EGC. According to these guidelines, ESD is an absolute indication for lesions meeting the following criteria: (1) lesions limited to the mucosal layer, (2) well and/or moderately differentiated adenocarcinomas, (3) tumors 2 cm in length, (4) absence of ulceration or ulcer scar tissue, and (5) tumors without lymphovascular involvement. Recently, owing to advanced technology and the increase in the number of ESD Table 2 Baseline characteristics and endoscopic features comparing differentiated and undifferentiated cancer in univariate analysis. cases, these criteria have been expanded [12] and sometimes, depending on the situation, it is even applied beyond the expanded criteria. And if there is a discrepancy between the initial EFB and final ESD result that too would eventually exceed the indication for ESD. In this case, the risk of lymph node metastasis is higher than conventional lesions and the prognosis poorer. Thus, it is important to predict lesion size, depth, and degree of differentiation before ESD. The size of the lesion can be determined by endoscopic observation, chromoendoscopy, and magnifying endoscopy. [13] Although there are studies relating to conventional endoscopy to predict the depth of submucosal invasion, in addition to the use of endoscopic ultrasonography, [14] [15] [16] prediction based on histological differentiation is yet lacking.
In a recent study, endoscopic predictors for undifferentiated histology before endoscopic resection were reported as: large tumor size (>10 mm), depressed type, nodularity, and whitish discoloration-all related to undifferentiated histology after ESD. [17] In our study, large tumor size (≥10 mm) and whitish discoloration were also associated with undifferentiated histology, along with the additional predictor of surface redness, as determined on multivariate analysis. Large tumor size is a well-known factor associated with disease progression and advanced histology in EGC. [18] Whitish discoloration is associated with histological features of undifferentiated cancer. The tumor vessels were abundant and dense in welldifferentiated or moderately differentiated adenocarcinoma, but were scanty and loose in poorly differentiated adenocarcinoma. These findings correlate with the redness of the carcinomatous mucosa of well-differentiated or moderately differentiated adenocarcinoma and the paleness of undifferentiated cancer. [19] Surface redness is a characteristic of differentiated histology. Although we do not know why exactly surface redness is associated with undifferentiated histology, we presume that a mixed histological type of cancer constituted about half (47.8%) the number of cases in this study, and surface redness is also associated with disease progression. [20] In our study, young age (<55 years) was also related to undifferentiated histology. Young age is well-known factor associated with undifferentiated cancer. [21] It is known that the depressed type usually exhibits more advanced lesions when classified according to the Paris classification which is most widely used in the gross classification of gastric superficial lesions. [22] In the above-mentioned study, depressed lesion was a risk factor for undifferentiated cancer. [17] However, the undifferentiated cancers in our study did not show a significant difference in Paris classification. (8 elevated type, 8 flat type, and 6 depressed type). Undifferentiated cancers in our study, color changes such as surface redness or whitish discoloration are more characteristic than classification of Paris classification.
Prognosis in patients with undifferentiated-type gastric cancer is poorer when compared with those with the differentiated type because the undifferentiated type is associated with frequent metastasis to the lymph nodes. [23] The risk of lymph node metastasis is higher in undifferentiated EGC with lymphovascular invasion [24] or submucosal invasion. [25] However, even in undifferentiated EGC lesions without lymphovascular invasion and ulcer size less than 20 mm, there is almost no lymph node metastasis. [1] Curative ESD for undifferentiated EGC had an excellent 5-year mortality rate as seen in previous studies; [26] in our study, 2 of 9 undifferentiated EGCs achieved curative resection were operated and all were in the N0 stage. One patient had recurrence and underwent operation, but N0 stage. The remaining patients showed no recurrence during follow up.
This study has some limitations. First, it was a retrospective study conducted in a single center. Second, the sample size might be too small to conclusively support the role of these risk factors in undifferentiated EGC. Third, there was a possibility of a discrepancy by performing once or twice biopsy in consideration of the endoscopic resection. But multiple biopsies may results in excessive fibrosis, which is a serious problem during ESD.
Our study can help to overcome discrepancy that may occur before and after ESD by evaluating predictive factors with undifferentiated histology in EGC. And if curative resection could be achieved, undifferentiated EGC was also found to be not worse prognosis in this study. In our study, young age (<55 years) and endoscopic characteristics such as large tumor size (≥10 mm), whitish discoloration, and surface redness were independently associated with undifferentiated histology after ESD. Therefore, for such lesions, physicians have exercise caution before performing ESD, and patients need to be informed about the risks of surgical gastrectomy. Table 4 Histologic comparison between endoscopic forceps biopsy and final endoscopic submucosal dissection. 
